Abstract The paper assess the variability of fat content and fatty acids profiles in seeds of a white lupin (Lupinus albus L.) domestic collection. The initial material comprised 371 accessions originated from 30 countries of Europe, Asia, Africa, North-and South America and Australia. According to data given by accession donors the material is divided into four classes of origin: wild lines, landraces, lines created by man and cultivars. Variability of fat content and fatty acids composition were estimated in seeds of each accession. The average fat content for analyzed collection is 9.81%. The broadest range of fat content was noticed for landraces and cultivars as compared to narrowest . In respect to unsaturated fatty acid (UFA), monounsaturated oleic acid in each of estimated classes of accessions was predominant and most abundant (55.7%) in broad range of minimummaximum values from 41.2 to 66.2%. The second examined monounsaturated fatty acid was erucic acid (1.74%) found in seeds of almost all studied accessions. An exception were four accessions defined similarly to rapeseeds as ''zero erucic'' forms. In seeds of few accessions a content of erucic acid exceeded 3%. Among polyunsaturated fatty acids linoleic FA (x-6) dominated followed by linolenic FA (x-3). Both FA were in the range 13.7-33.2% and 5.6-12.8% with mean values on the level 19.6 and 10.1%, respectively. As a consequence, the examined white lupin seeds showed a very favourable x-3/x-6 FA ratio (0.51), ranging from 0.21 to 0.87, much higher than that of most vegetable oils. Fat content was positively correlated with stearic and oleic fatty acids and negatively with palmitic, linoleic, linolenic and erucic acid.
Introduction
Lupins are economically and agriculturally valuable crops (Sujak et al. 2006; Gulewicz et al. 2008; Kohajdova et al. 2011 ) and together with others legumes are a main source of protein in human diet. The are also rich in dietary fibre and carbohydrates (Rochfort and Panozzo 2007) . The genus Lupinus covers about 275 species but only four (L. angustifolius L., L. luteus L., L. albus L., L. mutabilis Sweet) are used in agriculture on larger scale (Reinhard et al. 2006; Mülayim et al. 2002 Mülayim et al. , Ś więcicki et al. 2015 . Consumption of lupin seeds has increased in recent years (De Cortes-Sanchez et al. 2005; Ś więcicki et al. 2015) as alkaloids were removed from seeds by debittering or breeding sweet cultivars with highly valuable seed protein and dietary fibre (Cowling et al. 1998; Gladstones 1998; Petterson 1998; El-Adawy et al. 2001; Ś więcicki et al. 2015) as well as low level of antinutritional factors such as phytases, protease inhibitors and lectins (Cowling et al. 1998) .
White lupin (L. albus) has the longest history in human consumption, dating back to pre-Roman times (Gladstones 1970; Hondelmann 1984) . It was the only lupin cultivated in the Ancient Greece. Its large seeds, well soaked, strongly salted seasoned with vinegar and vegetable oil, were served as food for human. Lupinus albus L. originates from South-Eastern Europe and Western Asia where wild types still occur (Gladstones 1970) . Actually white lupin is a crop grown around the Mediterranean and Black Sea and in the Nile valley extending to Sudan and Ethiopia as well as occasionally in South Africa and both Americas (Jansen 2006) . However, it is characterized by such valuable traits as the high protein, fat content and seed yield it still belongs to minor pulse crops. A radical increase of white lupin acreage depend on a substantial shortening of vegetation and improving the resistance to antracnose (Ś więcicki et al. 2015) . For the white lupin as high protein crop the main attention is particularly focused on protein quality (the amino acid profile), however much less attention is focused on the content and quality of oil (Suchy et al. 2008; Rybiński et al. 2013) . Some species have considerable amount of oil in its seed (Uzun et al. 2007; Kohajdova et al. 2011) . It is particularly true for Andean lupin with oil content on the level 16-20% (Ś więcicki et al. 2015) . Lower content have seeds of white lupin (9.76-12.1%) but higher as compared to narrow-leafed and yellow lupin -6.5 and 5.1% as well as to field pea and grass pea -1.6 and 1.1%, respectively (Rybiński et al. 2014) . Oil is present particularly in cotyledons, 95-98% of total content (Smulikowska et al. 1995) . From a dietetic point of view more important as quantity is the quality of oil. Generally, the quality of fat depends on fatty acid profile and content, and the ratios between individual acids. Unsaturated fatty acids, particularly polyunsaturated fatty acids (PUFA), are essential nutrients and the x-3/x-6 ratio is considered as very important with respect to human and animal feeding (Suchy et al. 2008) . In general, lupin oil is characterized by balanced fatty acid composition with total saturated fatty acids of 10% and total unsaturated fatty acids of 90% (Bhardwaj et al. 1998; Hamma and Bhardwaj 2004; Kohajdova et al. 2011) .
The success of white lupin improvement programme largely depends on the wealth of the genetic resources. In presented studies, the variability of fat content and fatty acids profiles were estimated in seeds of the Polish collection of white lupin.
Materials and methods
The material included 371 accessions of white lupin originated from Polish Lupinus Gene Bank located at Wiatrowo (Poznań Plant Breeders Ltd). Majority of investigated material originates from Mediterranean area (Spain, Greece, Portugal and Italy) and Poland. According to data given by accessions donors the material was divided in four classes of origin: 180 wild lines and primitive populations originating from places of distributions and collecting missions (CO), 75 landraces (LR), and 54 lines created by man as a result of selection after crossings or mutation induction for different aims (XD) as well as 62 cultivars (CV). For analysis of fat and fatty acids profiles the uniform samples of seeds were used from field trial located in breeding station at Wiatrowo (Poland), 2014 (completely randomized design, two replications, plot size 1 m 2 , 60 seeds per plot). Soxhlet analysis was performed in order to quantify seed oil. Inside the thimble, made of thick paper, particulate material was placed (10 g of seed) and then extracted 12 h in Soxhlet extractor with n-hexane. Samples were weightted after extraction and the loss of fat, indicate the percentage of its participation. Composition of fatty acids was determined using the Hewlett Packard gas chromatograph (GC), Agillent Technologies 6890 N Network GC System. Fat extraction and esterification of methyl esters of fatty acids and quantitative estimates of chromatograms were performed. Methyl esters of fatty acids were separated using a DB-23 capillary column. Hydrogen was used as carrier gas for GC analysis. The temperature of the chromatography column was 200°C and a detector 220°C. Chromatographic separation of analyzed compounds lasted 10 min. The Chemistation program was used to calculate the percentage of each fatty acid. As a result of a chromatograph usage following fatty acids were estimated: palmitic (C 16:0 ), stearic (C 18:0 ), oleic (C 18:1 ), linoleic (C 18:2 ) linolenic (C 18:3 ), eicosenoic (C 20:1 ) and erucic (C 22:1 Firstly, the normality of distribution of the traits was tested using Shapiro-Wilk's normality test. Oneway analysis of variance (ANOVA) was carried out to determine the effects of accessions on the variability of observed traits. When critical differences were noted, multiple comparisons were carried out, using Tukey's least significant differences (LSDs) for each trait. Based on this, homogeneous groups (not significantly different from each other) were determined for analyzed traits. The means, minimum, maximum and standard deviation for each trait were calculated. The Pearson correlation coefficients were calculated for all traits. Principal component analysis (PCA) was then performed on all traits. Analysis of the data was performed using the statistical package GenStat v. 17.
Results and discussion

Fat content and fatty acid composition
The accessions belonging to four classes of origin were included in performed analysis of variance. All accessions under estimation (excluding stearic, oleic and linolenic acid) differed significantly with relation to remaining features at the level 0.01 and 0.001 (Table 1) . Results of fat content in seeds are present in Table 2 and in form of boxplot in Fig. 1 . The average fat content for 371 white lupin accessions is 9.81%. This value is markedly higher as compared to field pea, grass pea, common vetch and lentil (2.2, 1.5, 1.3 and 2.6%, respectively), higher as compared to narrow-leafed and yellow lupins (6.8%) and lower in comparison to Andean lupin (14.9%) (Rybiński et al. 2015) . Fat in lupin is located in embryos but 90% of total content is observed in cotyledons (Francki et al. 2002) . Their content can be affected by a genotype within the same species (Uzun et al. 2007) as well as by environmental factors during plant growth and development (temperature, air moisture, rainfalls level) and seed storage (Boschin et al., 2007 (Boschin et al., , 2008 Adomas and Piotrowicz-Cieślak 2010; Nigussie 2012) . Boschin et al. (2008) in the field trial with six white lupin cultivars in two locations indicated, that variance of genotypic effects was much larger than genotype-environment interaction for oil content and fatty acid composition. Above mentioned factors can explain differentiated results of fat content in seed of white lupin (5.9, 7.6, 8.9, 9.4, 9.6, 9.7, 10.7, 10 .9 and 14.6% obtained by following authors respectively: Erbas et al. 2005; Roth-Maier and Kirchgessner 1993; Tizazu and Emire 2010; Petterson et al. 1997; Green and Oram 1983; Jansen 2006; Uzun et al. 2007; Rybinski et al. 2015; Martinez-Villaluenga et al. 2006) . It was also shown for yellow lupin that seed development was accompanied by an increase of oil content from 4.45% in 30th day after flowering to 5.57% in 55th day after flowering (Adomas and Piotrowicz-Cieślak 2010) . According to Mohamed and Rayas-Duarte (1995) seeds of different lupin species contain approximately 5-20% of crude oil but from 7.12% to 11.50% in seeds of white lupin cultivars (Boschin et al. 2008) . In presented results (Table 2) fat content for 371 accessions ranged from 6.9 to 14.1%. The broadest range of fat content was noticed for LR and CV classes as compared to narrowest represented by XD (Fig. 1 ). Average fat content was highest (above 10%) for LR and CV classes however differences among four studied classes were not great. For 550 white lupin accessions growing in Ukraine (Kiev province) average fat content (9.5%) was similar to our but with narrower range of variability (6.2-11.5%). Cultivars and accessions from Russia, Spain, Poland and Palestine showed increased oil content (9.5% on average and higher), while accessions from Italy and Ethiopia demonstrated reduced amount of oil (\9%) (Kurlovich 2002) .
Generally, the quality of fat depends on fatty acid (FA) profile and content, and the ratios between individual acids. For essential nutrients belong polyunsaturated fatty acids (PUFA). For PUFA the x-3/x-6 ratio (linolenic/linoleic fatty acids) is very important with respect to human and animal feeding (Suchy et al. 2008) . According to results presented in Tables 3 and 4 Concerning saturated fatty acids (SFA) ( Table 3 , Fig. 1 ) the average percentage of palmitic acid was in the range from 6.09% for CO accessions to 6.68% for accessions of XD with the broadest variation from 4.5 to 9.0% for LR accessions. Average content of palmitic acid (6.37%) is similar to 6.21, 6.79, 7.2 and 7.6% reported for white lupin by Rybiński et al. (2014) , Mierlita (2015) , Oomah and Bushuk (1984) and Uzun et al. (2007) , respectively, but markedly lower as compared to 11.6 and 15.2-19.8% noticed by Erbas et al. (2005) and Boschin et al. (2008) , respectively. No significant differences (7.8 and 7.1%) were found between sweet and bitter white lupin (Yorgancilar and Bilgicli 2014) . Average stearic acid content (1.92%) was in the range from 1.84% for CV accessions to 2.02% for XD with minimum and maximum values for all accessions of 1.2 and 3.3% respectively. These results are in agreement with the values published in literature: 1.2-1.8, 1.46-1.55, 1.34-3.56 and 2.28% (Oomah and Bushuk 1984; Bhardwaj and Hamma 2013; Boschin et al. 2008; Zraly et al. 2007, respectively) . In respect to unsaturated fatty acid (UFA), oleic acid as member of monounsaturated FA (MUFA) was predominant and most abundant FA, with the average content falling in the very narrow range from 55.65% for XD to 55.93% for CO accessions (Table 4 ; Fig. 1 ). Values of minimum and maximum for all examined accessions (41.2% for LR from Egypt and 66.2% for CO from Israel) indicate a broad variation of this trait in white lupin seeds. According to data given by Oomah and Bushuk (1984) average content of oleic acid for three cultivars of white lupin (51.9, 55.5 and 54.2%) were on the same mean level as our results and comparable in the range: 43.6-54.4, 40.8-50.5 and 36.2-49.61% reported, by Green and Oram (1983) , Boschin et al. (2008) and Mierlita (2015) , respectively. Presented mean content of oleic acid (55.7%) is higher as compared to narrow-leafed lupin (39.4%), yellow lupin (29.4%) and Andean lupin (44.8%) (Rybiński et al. 2015) as well as in seeds of chickpea (33.5%), lentil (22.95) and pea (28.2%) (Ryan et al. 2007 ). For examined MUFA belong also eicosenoic and erucic acid with mean content of 4.53 and 1.74% respectively, and in the range 4.36-4.79% for CO and CV and 1.61-1.99% for LR and CV accessions, respectively. Literature data for eicosenoic acid content are generally similar to ours on the level of 4.60, 4.17 and 4.65% (Oomah and Bushuk 1984; Zraly et al. 2007; Rybiński et al. 2014, respectively) . Content of C 22:1 (erucic acid) in seeds is considered undesirable for human nutrition (Bhardwaj and Hamma 2013) . This work as well as data given by Boschin et al. (2008) indicates that a drawback of white lupin is the presence of small amounts of erucic acid (Codex Alimentarius 2001). Minimum and maximum values for erucic acid ranged from zero to 3.5% (Table 4) . Among 371 white lupin accessions only four of them (one from Israel and three from Turkey found exclusively among CO accessions) were erucic-free. It indicates how difficult is to recognize zero erucic accessions and that the CO is a valuable collection material for selection purposes. It is also interesting, that all selected ''zero'' erucic fatty acid accessions were particularly rich in oleic acid in range from 59 to 63%. A broad range of erucic acid (0.78-4.84%) obtained by Boschin et al. (2008) allowed to recognize ''low-erucic acid'' cultivars. In opinion of these authors an erucic acid as a negative feature appears to be not important since lupin oil is not a commercial product. On the other hand, the selection of erucic-free or low-erucic genotypes would be certainly desirable. Unsaturated fatty acids, particularly polyunsaturated fatty acid (PUFA) belong to essential nutrients and play an important role with respect to human and animal nutrition. Lupin oil is characterized by high dietetic quality from this point of view. Among essential fatty acids, white lupin oil contain linoleic and linolenic acid (Table 4 , Fig. 1 ). Obtained results show that linoleic acid (x-6) after oleic acid is a prevailing in white lupin with mean content 19.6% and in the range from 18.91% for CV to 20.29% for CO accessions. The lowest value (13.7%) was noticed for LR from Poland and the highest (33.2%) for LR from Egypt characterized also by the lowest (44.1%) content of oleic acid. Presented results are generally in agreement with following values: 17.3, 18.1, 20.3, 22.4 and 22.19%, obtained by Petterson and Mackintosh (1994) , Oomah and Bushuk (1984) , Uzun et al. (2007) , Erbas et al. (2005) and Zraly et al. (2007) , respectively. A markedly lower content of linoleic acid (7.79-15.81) indicate Boschin et al. (2008) and higher content in sweet seeds (25.6%) versus bitter seed (18.9%) Yorgancilar and Bilgicli (2014) . Average content of linolenic acid (10.07%) constituted a half of percentage content of linoleic acid (19.62%). No statistic significant differences were found among examined classes of accessions (Table 4) , however a broad range of variation (5.6-12.8%) indicates on possibility of accessions selection with the high content of desired linolenic acid (x-3). Range of minimum-maximum values showed the broadest range of variability for CO accessions (5.6-12.5%) and the narrowest (7.9-12.5%) for XD. Similar range (5.31-10.36%) was obtained by Boschin et al. (2008) . Another literature data for linolenic acid are comparable to ours [8.88% in Mierlita (2015) , 9.2% in Uzun et al. (2007) , 9.68% in Bhardwaj (2002) and 10.2% in Oomah and Bushuk (1984) ]. The content of linolenic acid in seeds of narrow-leafed lupin, yellow lupin and Andean lupin was lower: 6.2, 4.2 and 2.6%, respectively (Petterson, 1998; Cowling and Tarr 2004 ) and 4.9, 8.13 and 2.86% (Rybiński et al. 2014) .
Based on the results from Tables 3 and 4 the composition of respective fatty acids groups in the lipid compound of white lupin are presented in Table 5 . For SFA, MUFA and PUFA no visible differences were observed among examined classes of accessions. For the most desired PUFA the highest value (above 30%) was obtained for CO accessions. Prevailed is monounsaturated FA (MUFA 62%). Polyunsaturated FA (PUFA) and saturated FA (SFA) constituted 29.7 and 8.3%, respectively. Comparable ratios for white lupin (SFA:MUFA:PUFA): 12.52:52.34:35.14% and 13.5:55.4:31.1% were indicated by Zraly et al. (2007) and Green and Oram (1983) , respectively, and more different ratio 26.52:55.35:18.12% and 17.51:47.65:34 .84% by Boschin et al. (2008) and Mierlita (2015) , respectively. Among examined accessions SFA constituted 8.3% and UFA 91.7%. This data are in good agreement with literature values: 10 and 90% as well as 11.4 and 88.6% obtained by Hamma and Bhardwaj (2004) and Oomah and Bushuk (1984) , respectively. Higher content of PUFAs represented by linoleic FA (x-6) and linolenic FA (x-3) are considered desirable for human nutrition. Actually in many countries health organizations promote the intake of foods with increased amounts of x-3 FA (Simopoulos, 2003) . The x-3/x-6 fatty acid ratio is important for human health and should be 1:1-1:4 whereas in the Western diet it is estimated to be 1:10-1:30 (Schmidt 2001) . White lupin seeds for examined classes of accessions meet this desirable ratio criterion (Table 5 ). Regarding PUFA, the average content of linolenic and linoleic acid was 10.07 and 19.62% (ratio 1:2) with a consequent x-3/x-6 fatty acid ratio on the average level 0.51 and minimum and maximum values in range from 0.21 for the CO accession from Greece to 0.87 for the CV from Germany. Average ratios for examined classes of accessions shows a narrow range of variability from 0.49 for CO and LR accessions to 0.54 for CV accessions (Table 5) . Similar, very favourable x-3/ x-6 ratio ranged from 0.49 to 0.79 obtained Boschin et al. (2008) and on another level of 0.27-0.37 Mierlita (2015) . Calculated ratios: 0.45 and 0.54 reported Uzun et al. (2007) and Zraly et al. (2007) , and for bitter and sweet white lupin seeds 0.42 and 0.33, respectively (Yorgancilar and Bilgicli 2014) . The high value of x-3/x-6 fatty acid ratio is typical of white lupin, whereas other lupin crops i.e. yellow lupin and narrow-leafed lupin, have lower x-3/x-6 ratio, due to a much higher linoleic acid content (Boschin et al. 2008 ). According to data given by Rybiński et al. (2014) seeds of yellow lupin, narrow-leafed lupin and Andean lupin contain high amount of linoleic acid (51.9, 40.5 and 34.5%, respectively) as compared to white lupin (15.6), what in consequence influences the unfavorable low value of x-3/x-6 fatty acid ratio (0.16, 0.12 and 0.10, respectively). Similar low values for vegetable oils, such as olive oil (0.13), soybean oil (0.15) and walnut oil (0.20) noticed Belitz and Grosch (1999) . Up to here presented results comprised fat content and fatty acid composition considered each of four examined groups of accessions. In respect to all 371 investigated accessions the distribution and frequency of their participation for fat and each fatty acid presents Fig. 2 . Independently from examined traits, the figure indicates a broad range of variability of fat and fatty acid in white lupin seeds. From this point of view described collection can be treated as a rich source of variability for analyzed traits and allowed to recognize and select the most desirable accessions for nutritional purposes. A chosen favorable accession may constitute an interesting initial material for breeding new cultivars of white lupin with a high oil quality. Particularly valuable are accessions with the highest oil content and with high content of linolenic acid (x-3) and low or zero content of erucic acid. Among all examined accessions sixteen of them contained in seeds the highest fat content (from 12 to 15%). Also sixteen accessions were selected, mostly in the CO class, as high x-3 genotypes with the content excided 12% (Fig. 2) . Valuable lines with high fat and linolenic acid content present Table 6 . Unfortunately, the intake of x-3 fatty acid has declined in developed countries (with increased intake of x-6 fatty acid). Consumption of foods rich in x-3 has steadily declined and x-3 FA constitute only a small portion (below 1%) of total fatty acids in U.S. food supply (Raper et al. 1992; Watkins 2004) . In opposite to desirable selection of high x-3 FA accessions, a presence in seeds of erucic FA has a negative influence on oil quality in human nutrition. According to results presented in Fig. 2 , twenty-five accessions contained erucic FA below 1%. Majority of low erucic accessions were recognized in CO and LR classes (13 and 8, respectively) but only four and only in CO class were erucic free accessions. It indicates, that collected wild accessions and landraces may constitute a valuable material for selection of erucic free or low erucic acid genotypes for breeding purposes. Two genotypes classified as ''low erucic acid'' below of 2% obtained Boschin et al. (2008) .
In order to estimate the relationships for fat and fatty acids content, the correlation coefficient was calculated (Table 7) . Statistically significant values were obtained for the most traits. The relationships between fat and first of all UFA content are of considerable interest in human nutrition. In classes of accessions the oil content was positively correlated with stearic and oleic fatty acids and negatively with palmitic, linoleic, linolenic and erucic acid. Only in XD group stearic and linolenic FA were not statistically significant in relationships with fat. According to Jimenez et al. (1991) oil content is strongly negatively correlated with linoleic and linolenic and positively with oleic fatty acid. This is in agreement with ours results. Moreover, oleic acid in each class of accessions showed significant and negative correlations with linoleic and linolenic fatty acid (PUFA). Negative relationship between oleic acid and linoleic fatty acid content observed also Uzun et al. (2007) . It may indicate that in selection of high oil genotypes may accompany an increase amount of oleic acid with simultaneously declined of PUFA portion. Undoubtedly, oleic and especially linolenic acid are the dubious zone for white lupin breeders. In opinion of (1991) lower levels of linolenic acid could be combined with high oleic acid and total oil content. Statistically significant and positive relationships between both PUFA were noticed only for CO and LR accessions. In the studied collection a presence of accessions with high x-3/x-6 fatty acids ratio indicates that this correlation is relatively week and possible to break toward higher content of x-3 fatty acid. Undesirable in each class of accessions was a negative correlation between erucic acid and fat content. Negative, although not statistically significant relationship between fat and erucic acid content was found in seeds of common vetch and lupins (Rybiński et al. 2015) . It indicates that selection for improvement of fat content must be not connected with increased amount of erucic acid what confirms ''low erucic acid'' accessions (using a definition applied to rapeseed oil) presented in Table 8 . Furthermore erucic acid was significantly and negatively related with oleic fatty acid. However no significant relationships were observed between erucic acid and both PUFA (Table 7) .
Estimation of similarity of all accessions in terms of studied traits approached jointly, in spatial form and in the system of the first two main principal variables, is presented in Fig. 3 . Both principal variables elucidated 89.22% of multivariate variability. Majority of genotypes, representing each of four classes of accessions are densely located in central part of figure what indicates their close similarity in terms of fat content and fatty acid profile. Residual accessions are located in more or little extreme position from the middle part of the figure. High yielding and low alkaloid cultivar Butan (treated as reference for remaining accessions) is located in middle-left hand side of the space. The most extreme and separate position of accession indicates their low degree of similarity in the response of studied traits as compared to remaining genotypes. It is interesting that the most separate position are occupied by wild accessions followed by landraces. It is visible in the top and particularly in the right-top part of the figure in opposite to cultivars located mainly in the bottom part of the space. More separate location of the part of CO and LR accessions indicate their lower similarity to remaining accessions including cultivars. Above mentioned CO as well as LR accession may constitute valuable sources of fat and fatty acid variability used as initial material for breeding. Nutritional remarks
The large-seeded, bitter white lupin landraces before consumption on local scale as a snack, were boiled and soaked in brine for several washes to remove most of the alkaloids (Cowling et al. 1998) . Since the selection of the first sweet white lupin cultivars in the middle of 20-ties century, their seeds have slowly made inroads into modern food industry. White lupin green seeds compete well with green peas, vegetable faba bean and (Bhardwaj and Hamma 2013) . A positive use of white lupin seeds for bulgur production obtained in processes of cleaning, soaking, drying and classification was reported by Yorgancilar and Bilgicli (2014) and a possible use in bakery by Kohajdova et al. (2011) for lupin bread and lupin biscuits production. Lupin food products such as lupin pasta and sprouts are now available commercially in Australia. Moreover, lupin seeds as a high-quality alternative to soybean are used for production of fermented food such as Indonesian tempe, Japanese miso and natto, and fermented sauces (Petterson et al. 1997; Petterson 1998) . Actually, considering the favourable content of nutrients several companies in Europe have started to produce and commercialise food using lupin seeds (Boschin et al. 2008) as for example for obtaining protein-enriched spaghetti (Doxastakis et al. 2006) , muffins biscuits and extrude snacks (Bez et al. 2005 ) and production of lupin beverages (Seger and Bez, 2005) . The value of lupins as feed for monogastric and ruminant animals is well known, also (Cowling et al. 1998 ). According to data given by Zraly et al. (2007) animal protein or soy in the diet for market pigs may be completely replaced with white lupin seeds with beneficial effect on pork fatty acids composition. A positive effect of white lupin seeds in broiler diet in respect of fatty acid profile of their meat reported Mierlita (2015) .
Conclusions
1. Analysis of the Polish white lupin collection presents a broad range of variability in term of fat content and fatty acid composition. It allowed to recognize accessions with high fat content among wild material, landraces, cultivars and cross derivatives. 2. No evident differences in term of average fat and fatty acid content among examined accession classes were observed. Range of fat and fatty acid variability within each class of accessions was more visible. It was particularly true for broader fat content variation within cultivars and landraces. 3. The dominating fatty acid in all examined classes was monounsaturated oleic acid (55.7%). Among polyunsaturated fatty acids dominated linoleic FA (19.6%) followed by linolenic FA (10,1%). In terms of UFA content the broadest range was noticed for CO and LR (oleic FA), LR (linoleic) and CO (linolenic). Only in the CO class ''zero erucic'' genotypes were found. 4. Saturated FA constituted only about 9% of total FA content. Among remained unsaturated FA 30% of them belong to essential PUFA, represented by linoleic and linolenic FA. This indicates on accessions with high oil quality. 5. The high number of accessions with particularly valuable essential linolenic acid content (x-3) was detected in the wild lines. It allows to select accessions with most valuable x-3/x-6 ratio. 6. The use of estimated accessions for breeding purposes focused on improvement of fat and fatty acid composition may be partially limited by relationships among studied traits. Fortunately an absence of significant correlation among part of studied traits makes their simultaneous improvement in one genotype feasible.
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